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SUMMARY 
The empty performance of six electric roasters was checked 
by tests which are standard for testing the oven of the electric 
range. Operating performance during practical use was deter-
mined by a series of cooking tests. 
As a result of the investigation the following tests are recom-
mended as desirable· in obtaining information on performance 
of electric roasters: 
1. Time and kilowatt-hour consumption for preheating to 
various temperatures 
2. Maximum preheat temperatures at various dial settings 
3. Electrical energy necessary to maintain certain interior 
temperatures 
4. Accuracy of thermostat control 
5. Heat retention or rate of cooling as indicated by temper-
ature change 
6. H eat distribution as indicated by temperatures 
7. Surface temperatures 
8. Temperature drop when lid is removed 
9. Influence of utensils on heat utilization 
To test the roaster for evenness of heat distribution for bak-
ing, the following foods are suggested: 
1. Small mass 
Cookies, tarts, biscuits 
2. Medium mass 
Layer or angel cake 
3. Large mass 
Cherry pies 
In making the tests power input was controlled. Interior 
temperatures were indicated by thermocouples and a "thermo-
sheet," connected to an indicating potentiometer. 
The time and kilowatt-hour consumption for preheating to 
various temperatures was determined. When the capacity of 
the roasters was the same the performance was similar. The 
maximum temperatures reached at each thermostat setting 
were slightly lower with the thermosheet than with the thermo· 
couple. 
After securing the preheat data two of the roasters were 
continued in operation for an additional hour to determine 
kilowatt-hour consumption during a steady temperature con-
dition. Two other methods of determining energy consump-
tion were also investigated. In one the thermostat was set at 
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the highest temperature on the dial and the input contI:olled to 
maintain constant interior temperatures. In the other method 
the power input was controlled, resulting in a slightly different 
constant temperature than in the previous method. The roas-
ters gained and lost heat at approximately the same rate, after 
steady temperatures had been reached. In several cases less 
energy was required to maintain a roaster at a given t empera-
ture than to preheat it to the temperature. All three methods 
gave similar kilowatt-hour consumption at corresponding tem-
peratures. 
The thermostats were not highly accurate. Some roasters 
reached and maintained higher interior t emperatures than the 
dial settings; others, lower ones. 
The rate of cooling as indicated by temperature change was 
determined by two methods. In one the tests were continued 
through five cycles of operation, and when the current came on 
for the sixth time the roaster was disconnected and allowed 
to cool to an interior temperature of 200 0 F. In the other 
method the thermostat was set at the highest reading on thf> 
dial, and when the thermocouple in the center of the oven in-
dicated 5000 F., the switch was turned to "off" and the roas-
ter cooled to 200 0 F. Roasters of equal capacity and power 
rating required approximately the same tim e to reach 500 0 
and cooled at very nearly the same rate. 
Heat distribution as indicated by temperature was meas-
ured by three iron-constantan thermocouples placed at either 
end and midpoint of the roaster, approximately 3% inches 
from the roaster floor. Curves plotted from t.he data showed 
relative evenness of temperature. 
During heat-distribution determinations, exterior tempera· 
tures were taken at 31 loca tions on the surface of the roaster 
by means of an "exploring" tool, which consisted of a copper-
constantan thermocouple, silver-soldered to a thin silver disk 
about % inch in diameter. The thermocouple was connected 
to a potentiometer. The roasters which attained the highest 
interior temperatures were hottest on the outside. To ch eck 
heat loss through the lid, a block of rock-wool insulation 2% 
inches thick, was placed over the lid and later substituted fO l" 
the lid of one roaster. Depending on initial temperature and 
use of insulation, from .097 to .313 kilowatt hour less energy 
was necessary to maintain the desired temperature with thp. 
added insulation than with the lid as purchased. 
The effect on internal temperature and ener gy consumption 
of raising the lid was determined by two methods. In one the 
lid was raised for 5, 10, 15, 20 and 30 seconds respectively 
eaeh time the interior temperature agreed with that of the 
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thermostatic setting. In the other method the roasters were 
opened at regular intervals during a I-hour period, for the 
same total length of time. No consistent drop in temperature 
occurred with anyone method, and no consistent change in 
energy consumption was noted. 
A third method of determining effect of raising the lid was 
later used to eliminate temperature fluctuations caused by 
thermostatic action. The thermostat was opened completely 
and an input determined which would maintain an average 
interior temperature of approximately 4000 F. when the lid 
was opened 20 seconds at 5-minute intervals for a I-hour per-
iod. This method is recommended for future tests. 
The influence of utensils on heat utilization was compared 
by heating 1,000 grams of distilled water to boiling in utensils 
of four materials. Heat retention was determined from the 
temperature drop during a 50-minute period after the current 
was cut off. The enamelware pans absorbed heat most rapidly, 
glass and china pans were next in speed and the aluminum the 
slowest. Aluminum pans did not retain heat as well as pans of 
the other materials. 
Food could be baked satisfactorily in all roasters tested but 
not always at the temperatures recommended by the manu-
facturers. Results indicated that the roaster may be used 
for baking operations without excessive kilowatt-hour con-
sumption. 

Performance of Electric Roasters 1 
By 
FAITH MADDEN AND LOUISE J. PEET 
The National Committee on Household Equipment Research 
under the leadership of the Bureau of Home Economics, has 
been working' for several years on test specifications for var-
ious household appliances, so that the several investigators in 
the field may be able to follow similar methods in testing 
equipment and have a basis for comparing results. Since re-
search in the field of household equipment is of comparative 
recent date, very little data are available. It is necessary, 
therefore, to test the performance of appliances before test 
specifications can be set up and agreed upon. The present in-
vestigation was carried on for the purpose of obtaining nec-
essary data for setting up t est specifications for the electric 
roaster. 
The electric roaster is an appliance which provides many of 
the services of a range at much lower initial cost, with the 
added advantage of occupying comparatively small space and 
deriving current from a convenience outlet. 
The roaster is a recent addition tQ household equipment. 
There were, therefore, no established methods for testing it. 
Since the roaster is similar in many ways to the electric range 
oven it was considered feasible to used standard oven tests as 
a basis for developing methods for testing the roaster. 
The following discussion is divided into two parts. The 
first is a description of procedure followed in checking the 
empty performance of certain roasters to determine desirable 
tests methods. The second part records results of actual cook-
ing operations. 
ROASTERS USED 
Two series of tests were made. The characteristics of the 
roasters used in the first series are recorded in table 1; of 
those used in the second . series in table 2. The results dis·· 
cussed in the present publication are based on the second 
series of tests as far as possible, since roasters used in the first 
have been superceded by newer models, and in one case the 
1 This bulletin is based on the work of June Miller a nd Gertrude Berg, graduate 
students in the Depa rtment of Household Equipment. Project 602 of the 
Iowa Agricultural Experiment Station. 
Model 
Rating 
Shape 
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Model No. 
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Shape 
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Lid 
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Pilot light 
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LocatIon of unit 
TABLE 1. CHARACTERISTICS OF ROASTERS USED IN FIRST SERIES OF TESTS. 
Westinghouse A Nesco B Proctor C Norge D 
RRA-14 9733 101 AI-671 series B 
1,320 watts 1,200 1,350 (approx.) 1,000 
Rectangular Oval Oval Oval 
16 qt. 12 11 7 
Black enamel and chromium Cream enamel, black trim White enamel, black trim Black enamel and chromium 
Metal top, chromium plated Two thicknesses metal, air Metal, chromium plated Metal, chromium plated 
space between 
Black enamel and chromium Bakelite Wood Wood 
Bimetalic disc., dial 150° to Type not known, dial 200° to Type not known, dial 150° to Liquid bulb acts on stainless 
550°F. 500°F. 500°F. steel disc., dial 150° to 550°F. 
Nonadjustable Nonadjustable Nonadjustable None 
Each side of thermostat In knob of thermostat Below thermostat Above thermostat 
Glass wool Glass wool Glass wool 
Sides and ends Side and bottom Bottom ~ottom 
TABLE 2. CHARACTERISTICS OF ROASTERS USED IN SECOND SERIES OF TESTS. 
RRA-34 
1,320 watts, 115 volts 
Rectangular 
18 liquid quarts 
Westinghouse 1 
Black enamel, chromium trim 
Aluminum; bakelite handle; two nonadjustable vents 
Bimetallic type; dial settings from 150°F. to 500°F; "off" 
position; control at center front 
Visible through aperture above thermostat setting 
Glass wool 
Sides and ends 
9835 
1,320 watts 110-120 volts 
Rectangular 
18 liquid quarts 
Nesco 2 
Ivory and black baked enamel, chromium trim 
Chromium and stainless steel; bakelite handle; hinged; 
two adjustable vents 
Liquid bulb type; dial settings from 150°F. to 500°F; "off" 
position; control at center front 
Visible through center of control 
Glass wool 
Bottom and side 
-1 
00. 
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roaster is no longer manufactured. Certain data from the first 
series, which are applicable to any investigation of roaster 
performance, are included. 
In investigating the possibility of adapting oven tests to 
the electric roaster, the following determinations were made: 
1. Time and kilowatt-hour consumption for preheating to 
various temperatures 
2. Maximum preheat temperature at various dial setting"! · 
3. Electrical energy necessary to maintain certain interior 
temperatures 
4. Accuracy of thermostat control 
5. Heat retention or rate of cooling ·as indicated by temper-
ature change 
6. Heat distribution as indicated by temperatures 
7. Surface temperature 
8. Temperature drop when lid is removed 
9. Influence of utensils on heat utilization 
GENERAL METHOD OF PROCEDURE 
Power input was controlled with a potential transformer 
and rheostat and measured with a kilowatt-hour meter and in-
dicating kilowatt meter. Thermocouples and a "thermosheet"2 
were used with an indicating potentiometer to check interior 
temperatures. All tests were repeated three times. The setup 
is shown in fig. 1. 
Fig. 1. Setup for electric roaster tests. 
2 The thermosheet is a stainless steel sheet. 0.031 by 10 by 12 inches with a 
0.020-inch iron-constantan thermocouple attached to the center of the 
upper surface. The upper surface is black. the lower polished, to simu-
late the effect of a pan of food. 
TABLE 3. COMPARATIVE RESULTS OBTAINED IN PREHEAT PERFORMANCE, WHEN A THERMOSHEET AND THERMOCOUPLE 
WERE USED TO INDICATE TEMPERATURE IN TWO ELECTRIC ROASTERS. 
Thermostat settings 
200°F. 300°F. 
Roaster Temp. indicator 
Preheat Kwhr. Temp. Max. temp. Preheat Kwhr. Temp. Max. temp. 
time con- at "off" during off time con- at " off" during off 
min. sec. Bump. of. period OF. min. sec. Bump. of. period of. 
Westinghouse 1 Thermosheet 11 13 . 240 195 289 17 3 .360 335 389 
Thermocouple 11 20 .257 265 313 16 38 .370 389 413 
Nesco 2 Thermosheet 7 31 . 158 131 214 12 40 . 253 253 320 
Thermocouple 7 22 .168 183 234 12 20 .275 310 338 
---
Thermostat settings 
400°F. 500°F. 
Roaster Temp. indicator 
Kwhr. '1 Temp. Pr~heat 1 Kwhr. Temp. Max. temp . . Preheat Max. temp. tIme con- at "off" during off time con- at "off" durin! off 
min. sec. sump. of. period OF. min. sec. Bump. OF. perio of. 
Westinghouse 1 Thermosheet 23 55 . 513 460 487 32 52 .695 562 573 
Thermocouple 23 18 .510 493 502 30 34 . 670 573 586 . 
Nesco 2 Thermosheet 19 17 . 408 394 428 28 55 .609 525 537 
Thermocouple 18 5 .400 419 433 28 27 .620 555 560 
I 
----------
00 
o 
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PREHEAT PERFORMANCE 
Preheat time, temperature, and energy consumption were 
determined at thermostat settings of 2000, 3000, 400'0 and 
500 0 F. for the Westinghouse 1 and Nesco 2 roasters. The 
junction head of the thermocouple located at the approximate 
center of the oven was used to indicate temperature in one 
set of tests, the thermosheet in a second set. The thermosheet 
was placed 3 inches from the floor of the roaster on two wires 
supported by the baking racks. The bottom of the thermo-
sheet was scoured after each test to insure a bright surface. 
The thermocouple wires were drawn through one of the vents 
in the lid and connected to the potentiometer. All tests were 
performed from a cold start. 
Table 3 records the results obtained. When the thermo-
stat opened the circuit the temperature continued to rise to a 
maximum, then gradually decreased until the thermostat closed 
the circuit again. 
The thermosheet reading is approximately equivalent to the 
average value of a number of thermocouple readings taken at 
various points in a given plane. In its effect on the circulation 
of heat the thermosheet is similar to a pan or baking sheet. 
With one exception the preheat period was longer when the 
600 
~ 
0 W 
I 500 U 
« W 
a: 
'" w~ 400 a:z 
;)-~~ 
a: W 
It'" 
~~ 300 ~~ 
t:~ Wa: 
Iw 200 ZI ~I-
I 
Ii 
~ ~ 
~ ~ ~ 
~ ~ 
I 
Va' LEGENO 
THERMO SHEET 
0- NESCO (2) 
6- WESTINGHOUSE (I) 
THERMOCOUPLE 
.- NESCO (2) 
a-WESTINGHOUSE (I) 
~ 100 
3 
x 
« 
~ 
o 
0 .1 0 .2 0 .3 0 .4 0 .5 0 .6 0 .7 0 .8 
KILOWATT HOUR CONSUMPTION 
Fig. 2. Preh eat performa nce of' Westinghouse 1 and Nesco 2 roasters, at 
thermosta t settings of 200·, 300·, 400· and 500· F. 
TABLE 4. PREHEAT TIME AND KILOWATT-HOUR CONSUMPTION OF FOUR ELECTRIC ROASTERS AT 275°, 375° AND 475°F. 
TEMPERATURE INDICATED BY THERMOCOUPLE. 
- - --
Thermostat setting 
Roaster 275°F. 375°F. 475°F. 
Preheat Kwhr. Temp. Max. temp. Preheat Kwhr. Temp. Max. temp. Preheat Kwhr. Temp. Max. temp. 
time con- at "off" during off time con- at ··off" during off time con- at "off" during off 
min. sec. Bump, of. period OF. min. sec. Bump. OF. period of. min. sec. sump. of. period of. 
Westinghouse A 15 17 . 333 287 334 22 15 .486 408 431 31 33 .683 519 528 
Neseo B 7 16 .160 189 233 10 56 .247 315 344 17 21 .377 476 499 
Proctor C 15 51 . 365 523 537 18 55 .436 590 600+ 25 48 .583 
Norge D 6 25 .110 208 267 8 57 .160 307 352 11 56 .216 400 423 
00 
t-:l 
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thermosheet was used than when the thermocouple was used 
alone. 
Figure 2 gives the curves for the preheat performance at the 
different thermostat settings. The curves show that the maxi-
mum temperatures reached at each setting were slightly lower 
when the thermosheet was used, but with both the thermosheet 
and thermocouple the performance of the two roasters was 
similar. 
Similar preheat performance tests were made with the roast-
ers of the first series. Temperatures of 275 0 , 375 0 and 475 0 F. 
were used. These temperatures had been recommended for 
tests in gas and electric ovens by the National Committee on 
Research in Household Equipment. Table (4) gives the com-
parative results of three tests at each temperature. 
Since the roasters were of various sizes the time and energy 
requirements could not be compared directly. For the sake of 
comparison preheat time and kilowatt-hour consumption were 
figured per quart capacity, as shown in table 5. 
TABLE 5. COMPARATIVE PREHEAT TIME AND KILOWATT CONSUMPTION 
PER QUART CAPACITY OF FOUR ELECTRIC ROASTERS AT 
THREE THERMOSTAT SETTINGS. 
Thermostat setting 
275°F. 375°F. 475°F. 
Roaster 
Preheat Kwhr. Preheat Kwhr. Preheat Kwhr. 
time per qt. consump. time per qt. CODsump. time per qt. consump. 
seconds per qt. seconds per qt. seconds per qt. 
Westinghouse A 51.05 .021 83.43 .030 118 .31 
-
.043 
Nesco B 36 .33 .013 54 .66 .021 86 .75 .031 
Proctor C 86.45 .033 103 . 18 . 040 140 .72 .053 
Norge D 55.00 .016 76 .71 .023 102 .28 . 031 
Compared on this basis the N esco B required the shortest 
time and was lowest in energy consumption except at the 475 0 
setting, where the Norge D was the same. 
ELECTRICAL ENERGY NECESSARY TO MAINTAIN 
CERTAIN INTERIOR TEMPERATURES 
After the preheat data were obtained the two roasters were 
continued in operation for an additional hour to determine kilo-
watt-hour consumption during a steady temperature condition. 
Table 6, which gives the results, also shows the average tima 
TABLE 6. ELECTRIC ENERGY NECESSARY TO MAINTAIN CERTAIN INTERIOR TEMPERATURES FOR 1 HOUR. 
TEMPERATURES DETERMINED BY THERMOSHEET AND THERMOCOUPLE. 
--- -
Thermostat setting 
200°F. 300°F. 400°F. 500°F. 
Roaster Temp. indicator --------------------------------------------
Temp. Temp. Temp. Temp. 
Time main- Kwhr. Time main- Kwhr. Time main- Kwhr. Time main-
"on" tained COD- "on" tained con- "on" tained coo- "on" tained 
% of. sump. % of. Bump. % OF. Bump. % of. 
------------------------------------ ----
Westinghouse 1 Thermosheet 13 . 0 225 .192 27.4 336 .352 41.4 442 .544 58.9 542 
Thermocouple 14 .8 226 .191 26.3 334 .355 41.4 441 .540 57.8 546 
Nesco 2 Thermosheet 7.8 186 .136 23.0 293 .305 32.4 375 .440 53.7 489 
Thermocouple 11.2 195 .157 23.6 293 .310 36.7 387 .484 56.5 516 
----
Kwhr. 
con-
sump. 
----
.757 
.784 
.676 
.736 
00 
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500· F. 
the current was on and the average temperature maintained. 
The percentage of operating time was determined by dividing 
the length of time the current was used by the length of a test 
and multiplying by 100. The temperature maintained was 
found by adding the average temperatures at the" on" and 
"off" of the current and dividing by two. 
Table 6 indicates that the Westinghouse roaster was some-
what more regular in its performance than the Nesco. After ' 
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Fig. 4. Percent operating time during 1-hour maintenance period in 
Westinghouse 1 and Nesco 2 roasters, a t 200', 300', 400' and 
500' F . 
the roasters had reached a steady state the themosheet and 
thermocouple gave comparable results. The results are shown 
graphically in figs. 3 and 4. Figure 5 gives representative 
curves for the two roasters operated 1% hours from a cold 
start at the dial setting of 3000 F. The comparative symmetry 
of the curves shows that the roasters gained and lost heat at 
approximately the same rate, after steady temperature con-
ditions had been reached, 
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Table 7 records the electric energy required for preheating 
and maintaining various temperatures for a I-hour period. 
TABLE 7. A COMPARISON Oli' ENERGY REQUIRED FOR PREHEATING AND 
A I-HOUR MAINTENANCE PERIOD. 
Thermosheet Thermocouple 
Energy required for Energy required for 
Roaster Dial setting 
Preheat Maintenance Preheat Maintenance 
Kwhr. Kwhr. Kwhr. Kwhr. 
Westinghouse 1 200 .240 .192 .257 . 191 
300 .360 .352 .370 .355 
400 .513 .544 . 510 .540 
500 .695 .757 .670 .784 
Nesco 2 200 .158 .136 . 168 .157 
300 . 253 .305 .275 .310 
400 .408 .440 .400 .484 
500 .609 .676 .620 .736 
Less energy was required to maintain the Westinghouse 
roaster at 200 0 and 3000 F. and the Nesco at 2000 F. for 1 hour 
than to preheat them to these temperatures. 
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Fig. 5. Temperature-time curves for empty roa sters (Westinghouse 1 and 
Nesco 2 ). Thermostat setting 300' F. 
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Comparative kilowa tt-hour consump-
tion per quart capacity for maIn-
tenance during a I-hour period at 
thermostat setting of 375 0 F. 
In a series of tests 
in which the four 
roasters were used, 
heat losses were de-
termined at 375 0 F. 
The roasters were al-
lowed to operate for 
2 hours previous to 
starting the tests, to 
insure a steady tem-
perature. Tempera-
tures were measured 
by a thermocouple lo-
cated in the center 
of the roasters 3% 
inches -from the floor, 
a position w hie h 
placed the hot junc-
tion approximately 
halfway between the 
floor of the roaster 
and the lid surface. 
Table 8 gives the re-
sults. 
This test ranked 
the roasters in the 
same order as in the 
preheating tests (ta-
ble 5). Figure 6 
s how s the results 
graphically. 
Two other methods of determining kilowatt-hour consump-
tion for maintenance were investigated, using the Westing-
house 1 roaster for the tests . In one method the thermostat 
was set at the highest t emperature indicated on the dial and 
the input controlled to maintain constant interior temperatures 
TAELE 8. COMPARATIVE KILOWATT-HOUR CONSUMPTION REQUIRED FOR 
MAINTENANCE DURING A I-HOUR PERIOD. 
Roaster Capacity qt. Kwhr. per quart Total Kwhr:. per hr. 
capacity test 
Westinghouse A 16 .0306 .48 
Nesco B 12 .0258 .31 
Proctor C 11 . 0418 . 46 
Norge D 7 .0304 .21 
89 
at 200 0 , 300 0 , 400 0 and 500 0 F. within + 1 0 F. for a period of 
1 hour. Energy consumption was measured by the kilowatt-
hour meter and checked by a time-power product. In the other 
method the power input was controlled, with the resulting 
temperatures recorded in table 9. 
Table 9 compares the results obtained by these two method8 
with that obtained when the roaster had reached a steady state 
under the usual operating conditions of thermostatic action. 
Table 9a records the data as watt hours per 1000 F. tempera-
ture maintenance, and shows more clearly the relationship be-
tween the energy used in different methods. The results are 
shown graphically in fig. 7 and indicate similar kilowatt-hour 
consumption at corresponding temperatures. 
ACOURACY OF THERMOSTAT CONTROL 
Data in tables 3, 4 and 6 show the accuracy of thermostatic 
control at different temperatures. In general the Westinghouse 
roasters reached and maintained higher interior temperatures 
than the dial setting, the N esco roasters lower ones. The Proc-
tor C roaster had interior temperatures higher than the ther-
mostat setting at all times, while the interior temperature of 
the Norge D roaster was always lower than the setting. 
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TABLE 9. KILOWATT HOURS REQUIRED FOR TEMPERATURE MAINTENANCE 
IN WESTINGHOUSE 1 ROASTER, DETERMINED BY THREE METHODS. 
Thermostat setting 
200°F. 300°F. 400°F. 500°F. 
Method of test ------------------------
Temp. Kwhr. TeD?-p. Kwhr. Temp. Kwhr. TeD?-p. Kwhr. 
main- con- malD- con- main- con- . malll- con-
tained Bump. tained sump. tained Bump. tained sump. 
of. of. of. of. 
---
------------------
Thermostat acting 231 . 192 337 .336 444 . 526 544 .783 
Temperature controlled 200 . 160 300 .310 400 . 490 500 .700 
Power controlled 249 . 200 290 .280 335 .360 360 .400 
TABLE 9a. TEMPERATURE MAINTENANCE DATA FOR WESTINGHOUSE 1 
ROASTER, DETERMINED BY THREE METHODS. 
Watt hours per 100°F. temperature maintenance 
Thermostat setting of. 
Temperature 
Thermostat acting controlled Energy controlled 
200 83 . 1 80 .0 80.3 
300 99 .7 103.3 96 .6 
400 118 . 5 122.5 107 . 5 
500 143 .9 140 . 0 111.1 
HEAT RETENTION OR RATE OF COOLING AS 
INDICATED BY TEMPERATURE CHANGE 
After obtaining the preheat data on the four roasters used 
in series one, the tests were continued through five complete 
cycles of operation. When the current came on for the sixth 
time the roaster was disconnected and allowed to cool to an 
interior temperature of 200° F. The comparative cooling time 
is given in the following table (table 10). 
Since the Westinghouse A and Proctor C tended to reach 
and maintain temperatures above the thermostat setting, they 
required a longer time to cool to 200° than the N esco Band 
Norge D which maintained temperatures below the setting. 
Figures 8 and 9 show graphically the cooling rate for two 
roasters, one with temperatures above, the other below the 
settings. The figures also give curves for the preheat period 
and five cycles of operation at 275°, 375° and 475° F. 
As a further check on heat retention the rate of cooling from 
approximately 500° to 200° F. was det ermined for each roaster. 
The thermostat was set at the highest reading on the dial, and 
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Fig. 8. Cycles of operation and cooling curves-Westinghouse A. 
when the thermocouple in the center of the oven indicated 
500 0 F., the current was turned off. Temperatures were read 
every minute during the first 10 minutes, at 2-minute intervals 
during the next 20 minutes and then at 4-minute inter,vals until 
the roaster had cooled to 2000 F. 
Table 11 records the time each roaster required to reach 
500 0 and to cool to 2000 F. 
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Fig. 9. Cycles of operation and cooling curves-Norge D. 
The cooling curves are shown in fig. 10. Westinghouse 1 and 
Nesco 2, which had equal capacity, required approximately 
the same time to reach 5000 F. (table 11) and cooled at very 
nearly the same rate. Proctor C and Norge D of smaller 
capacity heated and cooled somewhat more rapidly. It should ' 
be noted that roasters C and D had different ratings, and con-
sequently the heat input was not the same in the two cases. 
Recording temperatures at 2-minute intervals for the first 20 
minutes and at 5-minute intervals for the remainder of the 
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cooling period would give sufficient data, and this method is 
recommended for future tests. 
TABLE 10. COMPARATIVE~TIME FOR FOUR ROASTERS TO COOL TO 200°F. 
FROM THREE SETTINGS OF THE THERMOSTAT. 
Cooling time 
Roaster From 275°F. From 375°F. From 475°F. 
min. min. min. , 
Westinghouse A 26.6 40 .0 50.3 
Nesco B 23.6 36.3 44 .6 
Proctor C 30.6 38.3 48 .0 
Norge D 3.0 17 .6 23.6 
TABLE 11. HEATING AND COOLING TIME OF FOUR ELECTRIC ROASTERS. 
500° TO 200°F. 
RoasterB Time to reach 500 of. min. Time to cool to 200 of. min. 
Westinghouse 1 
Nesco 2 
Proctor C. 
Norge D 
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Fig. 10. Cooling curves of four roasters, 500· to 200· F . 
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HEAT DISTRIBUTION AS INDICATED BY 
TEMiPERATURES 
The four roasters of series 1 were used in the heat distribu-
tion tests. Three iron-constantan thermocouples were carried 
through a vent of the roaster and attached to the middle wire 
of the baking rack ; No.1 at the midpoint, No.2, 2% inches 
from the left end, No.3, 2% inches from the right end. All 
were approximately 3% inches from the roaster floor. The 
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Fig. 11. Heat distribution in four roasters at 275 0 F . 
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other ends were connected through a rotary switch to a porta-
ble potentiometer, which could be read accurately to 2° F. and 
estimated to 1 degree. 
Each thermocouple was read once each minute, which allowed 
intervals of 20 seconds between the readings for the three 
couples. 
Figure 11 shows the evenness of distribution of heat within 
each roaster at 375° F. 
SURF ACE TEMPERATURES 
During the heat distribution determinations, exterior tem-
peratures were taken at 31 locations on the roaster by means 
of an "exploring" tool. This tool, made from directions by 
the Philadelphia Electric Company, consisted of a copper-
constantan thermocouple run through a wooden handle and 
wire spring, and then silver-soldered to a thin silver disk 
about % inch in diameter. The thermocouple was connected 
to a potentiometer. Six readings were taken and averaged for 
each point. 
Figure 12 shows the front view positions on a rectangular-
type roaster at which 
ext e ri 0 I' t empera-
tures were taken. 
Temperatures were 
read at similar posi-
tions on the other 
side of the roaster, 31 
in all. An equal num-
ber of readings were 
made on the oval-
shaped roasters. 
For ease of com-
parison the t empera-
tures of the differ-
ent areas, sides, lid. 
han dIe s and rim, 
were averaged. The ' 
results are given in 
table 12. 
The bakelite han-
dles on the N esco B 
were the coolest. The 
exterior t e m per a -
tures were highest on 
the Proctor C and 
lowest on the Norge Fig. 1 2. Points at which exterior t emperatures were t a ken. 
, 
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TABLE 12. COMPARATIVE TEMPERATURES ON EXTERIOR AREAS OF FOUR 
ROASTERS. THERMOSTAT SET AT 375°F. 
INTERIOR TEMPERATURES: A, 400°F; B, 370°; C, 454°; D, 300°. 
Area of roaster Westinghouse A I Nesco B Proctor C Norge D 
of. of. of. of. 
Sides 167 . 0 148 .5 167 .7 146.8 
Lid 251. 7 209.8 262.8 187 .8 
Handles 108.1 102 .3 126 .3 126.3 
Rim 242.6 203.3 248 .7 197 .3 
D, eXcept in the case of the handles which were the same 
temperatures in these two roasters. When the exterior tem-
peratures are compared with the heat distribution curves in 
fig. 11 and preheat temperatures in table 4, it is noted that the 
roasters which attained the highest interior temperatures were 
hottest on the outside. 
The high temperatures of lid and rim indicated excessive 
heat loss through these areas. To check the lid a block of 
rock-wool insulation, 2% inches thick, was placed on the out-
side of the lid of the Westinghouse A roaster, care being taken 
to keep it free from the rim, and the kilowatt-hour consumption 
necessary for maintenance of t emperatures was again deter-
mined. Following this experiment, to determine the effect 
of the fit of the lid, a block of rock wool, 2% inches thick, was 
substituted for the lid of the roaster and the heat loss found. 
The results shown in table 13 indicate the value of insulation 
at these points, insofar as energy consumption is concerned. 
TABLE 13. KILOWATT-HOUR CONSUMPTION NECESSARY FOR MAINTENANCE 
OF TEMPERATURES IN WESTINGHOUSE A FOR 1 HOUR, 
WITH ADDED INSULATION. 
Thermostat setting of. 
Kwhr. consumption 
-
Insulated lid Lid of insulation Original lid 
200 . 095 . .075 . 192 
300 .205 . 155 .336 
400 .330 .265 .526 
500 .470 .375 .783 
.. 
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Fig. 13. Temperature-time curves for two roasters opened for 15 seconds 
when average interior temperature was 400 0 F. 
TEMP ATURE DROP WHEN LID IS RAISED 
Tests were made on the Westinghouse 1 roaster and the 
Nesco 2 to determine the effect on internal temperature and 
energy consumption of raising the lid. Two methods were 
followed in making the tests. In one method the roasters were 
opened for 5, 10, 15, 20 and 30 seconds respectively, each time 
the interior temperature--indicated by an iron-constantan 
thermocouple located in the center and approximately 3 inches 
from the floor of the roaster--agreed with that of the thermo-
static setting. In a second series of tests the lids were raised 
at regular intervals during a -l-hour period for the same total 
length of time; e. g. , 12 times for 5 seconds each, 6 times for 
10 seconds, 4 times for 15, 3 for 20 and twice for 30. The lid 
was always raised to a position perpendicular to the top. 
Temperature of the roaster was read again when the lid was 
replaced. 
Figure 13 shows the result of opening the two roasters for 
periods of 15 seconds whenever the interior temperature was 
400 0 F. The number of times the two roasters were opened 
varied considerably; Nesco 2 recovered more rapidly than did 
Westinghouse l. 
Figure 14 compares the effects of the two methods of lid 
removal on the Nesco 2. The temperature dropped somewhat 
lower when the roaster was opened at a specified temperature 
.. 
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Fig. 14. Nesco 2 roaster. Temperatu re-time curves for lid removal tests 
when average interior temperatu re was 400 0 F. 
t han when opened at regular intervals. Table 14, which gives 
the energy consumption for the Nesco 2, indicates no consis-
tent change in energy consumption due to lid removal. R e-
sults with Westinghouse 1 were more regular but not entirely 
so. See table 15. 
The average temperature drop in the two roasters when the 
lid was removed by the two methods is shown in fig. 15. Open-
TABLE 14. ENERGY CONSUMPTION OF NESCO 2 ROASTER DURING LID 
REMOVAL TESTS OF 1 HOUR. 
Roaster opened by 
Interior temperature Roaster opened for: 
- I OF. Method I Method II 
seconds kwhr. kwhr. 
300 5 .360 . 330 
10 . 323 . 323 
15 .337 . 368 
20 . 390 . 353 
30 .360 .360 
Roaster, closed, required . 345 kwhr . 
400 5 . 570 .540 
10 .570 .562 
15 . 600 .563 
20 .570 .594 
30 .548 . . 503 
Roaster, closed, required. 570 kwhr. 
500 5 .765 .780 
10 .750 . 728 
15 . 788 . 750 
20 .818 . 780 
30 .795 .750 
Roaster, closed, required . 735 kwhr. 
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TABLE 15. ENERGY CONSUMPTION OF WESTINGHOUSE 1 ROASTER DURING 
LID REMOVAL TESTS OF 1 HOUR. 
Roaster opened by 
Interior temperature Roaster opened for: 
of. Method. I Method II 
seconds kwhr • kwhr. 
300 5 . 330 .300 
10 . 315 .323 
15 . 300 . 308 
20 .330 .293 
30 .330 .330 
Roaster, cio.sed, required .300 kwhr. 
400 5 .480 .503 
10 .480 .525 
15 .525 .503 
20 .495 .503 
30 . 540 .465 
Roaster, closed, required . 480 kwhr. 
500 5 .668 .728 
10 . 743 . 720 
15 .743 .705 
20 .765 .743 
30 . 795 .735 
Roaster, closed, required . 683 kwhr. 
ing the roaster at regular intervals for 30 seconds caused a 
greater drop in temperature in the Westinghouse 1 than in 
the Nesco 2 and a greater drop than when the Westinghouse 1 
was opened at specified temperatures, which was opposite to 
the effect in the Nesco 2 at 400 0 and 5000 F. 
Roasters opened at regular . intervals were opened at no 
particular point in the temperature cycle, a condition which 
would correspond to household practice. Opening the roasters 
at specified temperatures, however, would be more desirable 
for research investigations, because conditions could be fairly 
closely controlled. 
Because temperature fluctuation caused by thermostatic ac-
tion introduced an element of error in the two methods de-
scribed, a third method was used. The thermostat was opened 
completely and an input determined which would maintain an 
average interior temperature of approximately 400 0 F. when the 
lid was opened 20 seconds at 5-minute intervals for a 1-hour 
period. As a result of preliminary tests an input of .54 kilo-
watts was used to maintain a temperature of 4000 F. The re-
sults of three tests with Westinghouse 1 are summarized in 
table 16. 
TABLE 16. SUMMARY OF DATA FOR WESTINGHOUSE 1 ROASTER WHEN LID 
WAS OPENED A TOTAL OF 3 MINUTES 40 SECONDS. 
Temperature Temperature Temperature Kwhr. to maintain Kwhr. to maintain 
maintained OF. drop to OF. drop OF. 400°, lid raised 400 o,lid not raised 
400 247 153 .543 .490 
100 
INFLUENCE OF UTENSILS ON HEAT UTILIZATION 
Each roaster was equipped with a set of baking utensils; 
Westinghouse A with glass; Westinghouse 1 with china, exter-
ior surface yellow; N esco 2 with black enamelware; Proctor 
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TABLE 17. DESCRIPTION OF UTENSILS. 
Material 
I 
Length Width 
I 
Depth 
I 
Weight 
inches inches inches gms. 
Glass 
Meat pan 9-5/8 5-7/8 2-3/8 . 1213 
Veg. pan No.1 8-5/8 4-1/2 3-1/4 924 
Veg. pan. No.2 8-5/8 4-1/2 3-1/4 911 
China 
Meat pan 10 6-1/4 2-3/4 1016 .3 
Veg. pan No.1 8-1/4 4-3/4 3-1/2 786.5 
Veg. pan No.2 8-1/4 4-3/4 3-1/2 775.0 
Aluminum 
Meat pan 9-1/4 5-1/8 2-3/4 110 
Veg. pan No.1 9-1/4 5-1/8 2-3/4 111 .5 
Veg. pan No.2 9-1/4 5-1/8 2-3/4 107.5 
Enamel 
Meat pan 10-1/4 7 5 986.5 
Veg. pan No.1 7-1/2 3-3/4 4-5/8 487 .7 
Veg. pan No.2 7-1/2 3-3/4 4-5/8 484 
Rust color veg. pan 
semi-circular in shape 
C and Norge D with aluminum. Data regarding the sizes are 
given in table 17. 
The effectiveness of the different materials was determined 
by using each set in the Westinghouse 1 roaster. The three 
utensils in a set were each filled with 1,000 grams of distilled 
water at 70 0 F. The largest utensil, usually known as the 
meat pan, was placed in the right hand end of the roaster 
with the long side parallel to the end of the roaster. The veg-
etable pans were placed at right angles to the meat pan. 
An iron-constantan thermocouple, insulated with spun glass, 
was immersed to one-half the depth of the water in each pan, 
and one thermocouple was placed in mid-air in the roaster 
toward the right hand end where it was possible to secure 
some air circulation around the junction. Temperature read-
ings were taken at 2-minute intervals during the first 10 min-
utes of the preheat period and at 5-minute intervals during 
the next 70 minutes. At the end of the SO-minute period the 
current was cut off and temperatures recorded at 10-minute 
intervals during the next 50 minutes to determine the heat re-
tention ability of each utensil. 
Previous investigations3 had shown that utensils of dark 
enamelware absorbed heat more rapidly than those of glass. 
china and aluminum when used in range ovens and that pol-
• Swartz, Venona W. Baking vegetables electrically. Washington Agr. Exp. 
Sta., Bu!. 251. 1931. 
Roberts, Evelyn. Utensils for the electric range. Washington Agr. Exp. 
Sta., Bu!. 283. 1933. 
Frank, Ma y C. Compa rative therma l efficiencies of casseroles of different 
materials when used in a g a s a nd in a n electric oven. 
Unpublished Thesis, Library, Iowa Sta te College, Ames, Iowa. 1931. 
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TABLE 18. A COMPARISON OF THE INFLUENCE OF UTENSILS ON HEAT 
UTILIZATION. 400°F. 
Temp. of Time requir-
couple in Time to edfor water Kwhr. to Total kwhr. 
Utensil roaster at preheat to reach preheat for 80-min. 
end of min. sec. 212°F. min. test period 
preheat of. 
Glass 259 26 36 65 .56 1.34 
China 275 26 42 65 .58 1.31 
Aluminum 258 23 20 75 .50 1.21 
Enamelware 246 25 42 60 .55 1.34 
Empty oven 493 23 15 .51 
ished aluminum utensils were least efficient. Table 18 indi-
cates that similar results were obtained when pans of these 
materials were used in electric roasters. The enamelware 
utensils required the least time to bring the water to the boil-
ing point; china and glass required 5 minutes longer and the 
aluminum 15 minutes longer. 
The kilowatt-hour consumption when aluminum utensils 
were used was approximately the same as when the roaster was 
heated empty. The preheat · time was only 5 seconds longer 
with the aluminum pans than for the empty roaster. Since 
the aluminum pans had highly polished exterior surfaces, the 
heat was reflected back to the surface of the inset pan, and 
the thermostat reached the operating temperature necessary 
for cutting off the current more quickly than when the heat 
was absorbed by the utensils. 
The interior temperature of the roaster varied a maximum 
of 28 0 F. with the different materials and averaged 47 0 F. 
higher than the temperature of the boiling water and 1410 F. 
lower than the dial setting of 400 0 F. 
In analyzing heat-retention ability of the various materials, 
the data obtained from using thermocouples in the two vege-
table pans were used, since these utensils had approximately 
TABLE 19. HEAT RETENTION BY FOUR MATERIALS USED FOR UTENSILS IN 
ELECTRIC ROASTERS. 
Average temperature drop in 50 minutes 
Glass China Aluminum Enamelware 
Pan 1 Pan 2 Pan 1 Pan 2 Pan 1 Pan 2 Pan 1 Pan 2 
of. of. of. of. of. of. of. of. 
21 20 22 24 26 27 21 25 
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the same surface area. Table 19 gives the average tempera-
ture drop for 50 minutes after the current was cut off. 
Table 19 indicates that glass, china and enamelware retained 
heat somewhat better than aluminum. 
FOOD TESTS 
Practical tests were made on each roaster to study operating 
performance from the homemaker's viewpoint. In preliminary 
tests strips of pastry and butter cakes were used to determine 
the effect of a load upon interior temperatures and kilowatt-
hour consumption. Final tests were made with biscuits, ice 
box cookies, tarts, cherry pies and layer cakes. 
In determining interior temperatures of the roaster during 
the food tests the hot junction of an iron-constantan thermo-
couple was soldered into a copper tube which was fastened to 
the under surface of the roaster lid. The thermocouple ex-
tended into the center of the roaster to within 311t inches of 
the floor. The manufacturers' directions were followed in the 
baking experiments to determine whether satisfactory results 
could be obtained with the time and temperature recommended 
by them. If the directions did not give satisfactory results, 
preliminary tests were made to determine the best baking 
temperature and time for each of the foods. 
Pastry was baked at various temperatures for different 
lengths of time. Sufficient dough was prepared at one time 
so that variations due to mixing would be eliminated. The 
dough was rolled to 1/ 16 of an inch in thickness, cut in strips 
1 inch wide and 8 inches long and baked on a steel sheet con-
structed to fit the roasters. Since only one roaster might be 
used in the setup at a time, the roasters were rotated to elim-
inate variations due to length of time the pastry. stood before 
baking. 
The roasters were preheated. The thermocouple was read 
at the time the thermostat clicked off at the end of the pre-
heat period, the lid was lifted and the baking sheet placed in 
the roaster near the center. The interior temperature was 
again read and at each minute thereafter during the baking 
period. The kilowatt-hour ' consumption was noted. 
Pastry strips were baked at thermostat settings of 375 0 F. 
for 20 minutes, 425 0 for 10, 15 and 20 minutes and at the set-
ting recommended by the manufacturer, i. e., 
Westinghouse A 475 0 F., 18 min. 
Nesco B 500 0 F., 15 min. 
Proctor C 450 0 F., 12 min. 
Norge D 400 0 F ., 15 min. 
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TABLE 20. TEMPERATURE DATA ON BAKING PASTRY 
IN PREHEATED ROASTERS. 
Av. temp. 
Baking Thermo- Av. temp. immediatf'ly Av. drop 
Roaster period stat at end after pastry in temp. 
min. ~etting of preheat placed in. OF. 
OF. OF. roaster OF 
Westinghouse A 20 375 422 364 58 
15 425 480 388 92 
18 475 520 371 149 
(pastry shell) 18 475 525 300 225 
Nesco B 20 375 334 311 23 
15 425 399 364 35 
15 500 506 406 100 
(pastry shell) 15 500 494 392 102 
Proctor C 20 375 589 468 121 
15 425 600 513 
12 450 600 555 
(pastry shell) 12 450 600 465 
Norge D 20 375 282 274 8 
15 425 340 309 31 
15 400 412 386 26 
(pastry shell) 15 400 402 342 60 
Av.low 
tern p. reach-
ed during 
bake period 
OF. 
269 
326 
335 
264 
258 
312 
355 
334 
307 
354 
377 
381 
201 
229 
258 
289 
One 8-inch pastry shell was baked in an aluminum pie pan 
according to the manufacturers' directions for time and tem-
perature. 
Table 20 gives the temperature decrease which resulted from 
the introduction of the pastry load with the thermostat set at 
various temperatures. At no time during the baking process 
did the interior temperature return to that of the dial setting. 
Of the pastry baked in Westinghouse A, the most desirable 
was that in strips baked for 15 minutes at 425 0 F. and the 
pastry shell baked at 475 0 F. for 18 minutes. The most satis-
factory pastry was baked in Nesco B at 425 0 F. for 20 min-
utes and at 500 0 F. for 15 minutes. Proctor C gave the best 
product at 425 0 F. for 10 minutes and Norge D gave no desir-
able product at any of the temperatures used in the tests. 
Browning was uneven in all roasters but less noticeable on the 
pastry shells baked in A and B. Time and temperature recom-
mended by manufacturers were satisfactory for roasters A and 
B, too long for roaster C and too short for D. When the pastry 
shell of comparatively large mass was placed in a roaster a: 
greater drop in temperature occurred than when the pastry 
strips were put in. 
In a second series of tests butter cake was used. Six hun-
dred grams of batter were weighed into square aluminum 
cake pans and baked according to manufacturers' directions. 
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The same recipe was baked in cup cakes, 40 grams of batter to 
a cake. Data similar to that recorded in the pastry tests were 
recorded for the cake experiments. 
Table 21 shows the effect of a large thermal mass upon inter-
ior temperatures of electric· roasters. Data for Westinghouse 
1 and Nesco 2 are included. 
A baking period of 25 minutes proved inadequate in the 
Nesco B roaster, and the time was increased to 55 minutes. 
Cakes were not sufficiently baked at 400 0 F. in the Norge D, 
and a temperature of 550 0 F . was used instead. Cakes were 
browned satisfactorily in all roasters and were comparable in 
volume, texture and tenderness to cakes baked in range ovens. 
Table 22 gives the kilowatt-hour consumption for baking 
pastry and butter cakes. 
Variations in time and temperature make it impossible to 
make any comparisons between the costs of baking in the dif-
ferent roasters. The results indicate that the roaster may be 
used for baking operations without excessive kilowatt-hour 
consumption. 
In succeeding tests, biscuits, ice box cookies, tarts, cherry 
pies and layer cakes were baked. Ingredients and methods of 
manipulation were carefully controlled to eliminate variables. 
The manufacturers' directions for baking were followed as 
lono; as desirable results were obtained; otherwise they were 
modified. A large number of preliminary tests were made to 
TABLE 21. TEMPERATURE DATA ON BAKING CAKE 
IN PREHEATED ROASTERS. 
Av. temp. I Baking Thermo- Av. temp. immediately Av. drop 
Roaster period sta t at end after cakes in t.emp. 
min. sett.ing of preheat placed in of. 
OF. of. roaster of. 
W f'stingbollse A 
loaf 30 400 464 334 130 
cup 15 400 454 392 62 
Westinghouse 1 
loaf 30 400 467 421 46 
Nesco B 
loaf 55 375 380 347 33 
cup 35 375 322 355 23 
Nesco 2 
loaf 55 429 396 33 
Proctor C 
loaf 25 375 596 478 118 
cup 20 375 600 434 166 
Norge D 
loaf 30 550 419 302 117 
cup 20 550 425 387 38 
Av.low 
temp. reach-
ed during 
bake period 
of. 
282 
330 
326 
280 
301 
348 
350 
350 
296 
312 
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TABLE 22. KILOWATT-HOUR CONSUMPTION FOR BAKING PASTRY SHELLS 
AND CAKES IN ROASTERS. 
Roaster Food I Thermostat I Baking time Kwhr. setting OF. minutes consumption 
Westinghouse A Pastry shell 475 18 .24 
Nesco B 500 15 .13 
Proctor C 450 12 . 12 
Norge D 400 15 .10 
Westinghouse A Loaf cake 400 30 .28 
Westinghouse 1 400 30 .30 
Nesco B 375 55 . 32 
Nesco 2 375 55 .31 
Proctor C 375 25 .16 
Norge D 550 30 .25 
Westinghouse A Cup ca:kes 400 15 . 15 
Nesco B 375 35 . 18 
Proctor C 375 20 . 18 
Norge D 550 20 . 13 
determine satisfactory procedure and all final tests were re-
peated three or four times. 
Biscuits raised more evenly when baked in a layer cake pan 
1 inch in depth than when on a baking sheet; the cake pan was 
used. The ice box cookies and tart shells were baked on an 
aluminum cookie sheet. The cookies were as effective in de-
termining heat distribution as the biscuits. If information 
regarding thermostat action and interior temperatures of a 
roaster are desired, however, the biscuits are preferable for 
the load, since they have larger thermal mass and require a 
longer baking period. 
Table 23 summarizes data on baking the foods in the Westing-
house 1 roaster. 
The highest temperature that the interior of the roaster 
attained after the food was placed in it was always less than 
the thermostatic setting. 
The summary of the results of the investigation has been 
placed at the beginning of the bulletin where it may be more 
r eadily available to the r eader. 
TABLE 23. SUMMARY OF FOOD TESTS ON WESTINGHOUSE 1 ROASTER. AVERAGE OF THREE OR FOUR TESTS. 
Lowest Highest 
Dial Preheat Temp . temp. temp. Preheat Baking Preheat Baking Total Percent 
Food setting temp. drop to during during time time Kwhr. Kwhr. Kwhr. operating 
OF. OF. OF. bake bake min. min. time 
period period 
OF. OF. 
Cherry pie 450 508 356 286 342 26.7 45 .58 .53 1.11 63 
Biscuit 450 512 483 385 393 28.5 13 .58 . 14 .72 49 
Tarts 450 514 477 380 397 27.5 12 .58 . 12 .70 
Ice box cookies 450 504 470 356 362 27.4 9 .58 .10 . 68 
Layer cake 375 440 390 304 322 24.1 25 .25 .47 .72 I 44 
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